07-0()-18;H)'.2i!t'M: 




BUCHANAN 



9 i/ iib 



STATEMENT 



I, Naoshi KITAMUEA— of Toranomon East Bldg. 7-13, 
Nishi-Shimbashi l-chome, Minato-ku, Tokyo 105-8408 
Japan— hereby declare that I am conversant in both Japanese 
and English and that I beheve the following is true and correct 
translation of Japanese Patent AppUcation No. 2002-234819. 



Date: June 18, 2007 




Naoshi KITAMURA 




PATENT OFFICE 
JAPANESE GOVERNMENT 



This is to certify that the annexed is a true copy of the following 
application as filed with this Office. 



Date of Application: August 12, 2002 

implication Nuzober: Japanese Patent ^plication 

No. 2002-234819 

Applicant: FUJI PHOTO FILM CO., LTD. 



September 11, 2003 



Commissioner, Patent Office Yasuo Imai (sealed) 



Issuance No. 2003-3074587 



07-06-l8;10:22PM; 




BUCHANAN 



# 4/ 85 



(Name of Document) 

(Reference No.) 

(Filing Date) 

(Addressed To) 

( International 
Clas si'f i cati-oir)- — 

(Inventor) 

(Address or 
Residence) 

(Name) 

(Inventor) 

(Address or 
Residence) 



(Name) 
(Inventor) 

(Address or 
Residence) 



(Name) 
(Inventor) 

(Address or 
Residence) 



(Name) 

(Applicant for Patent) 
(Identification No.) 
(Appellation) 

(AGENT) 

(Identification No.) 



Application for Patent 
31-2456 

August 12, 2002 
Commissioner/ Patent Office 
C09D 11/00 



c/o Fuji Photo Film Co., Ltd., 210, 
Nakanuma, Minami-Ashigara-shi, 
Kanagawa 

Yoshiharu Yabuki 



c/o Fuji Photo Film Co., Ltd., 210, 
Nakanuma , Minami -Ashi gara - shi , 
Kanagawa 

Toshiki Fujiwara 



c/o Fuji Photo Film Co., Ltd., 210, 
Nakanuzna, Minami -Ashigara-shi, 
Kanagawa 

Toru Harada 



c/o Fuji Photo Film Co., Ltd., 210, 
Nakanuma , Minami -Ashigara-shi , 
Kanagawa 

Tomohiro Chino 



000005201 

FUJI PHOTO FlUi CO., LTD. 
100105647 



- 1 - 



07-06-18;lfl:22PMi 



BUCHANAN 



(Attorney) 
(Name) 

(Phone Number) 
(Selected AGENT) 
(Identification No.) 
(Attorney) 
(Name) 

(Phone Number) 
(Selected AGENT) 

(Identification No.) 

(Attorney) 

(Name) 

(Phone Number) 
(Selected AGENT) 

(Identification No.) 

(Attorney) 

(Name) 

(Phone Number) 
(Selected AGENT) 

(Identification No.) 

(Attorney) 

(Name) 

(Phone Number) 
(Indication of Fee) 

(Deposit Account No.) 
(Amount) 



Shohei Oguri 
03-5561-3990 

100105474 

Hironori Honda 
03-5561-3990 

100108589 

Toshimitsu Ichikawa 
03-5561-3990 

100115107 

Takeshi Takamatsu 
03-5561-3990 

100090343 

Yuriko Kuriu 
03-5561--3990 

092740 
21000 



07-06-18; I0:22PM; bUCHANAN ; # 6/ 85 



(List of Attached Dociiments) 

(Article) Specification 1 copy 

(Article) Abstract 1 copy 

(General Power of attorney No.) 0003489 

(Neces^xty of-Proof)- ifes- 



- 3 - 



[NAME OF DOCUMENT] Specification 
[TITLE OF THE INVENTION] 

Ink and Ink Set for Inkjet Recording and Inkjet Recording Method 
[SCOPE OF CLAIM FOR PAIENT] 

[Claim 1] An ink for inkjet recording, comprising at least one compound 
selected from azo dyes represented by the following formula (1): 
A-N=N-B 

wherein A and B may be the same or difiEerent and each independently represents an aromatic 
group or a S- or 6-membered unsaturated heterocyclic group, provided that the substituent on 
each ring of A and B, which is located at the conjugated position with respect to the azo 
group, satisfies the following conditions (a) to (c): 

(a) the substituent is not a hydroxyl group, 

(b) when the substituent is an amino group, the amino group does not have 
hydrogen atom at the a-position, and 

(c) when the substituent is an ether group, the ether group does not have a 
hydrogen atom at the a--position. 

[Claim 2] An ink set for inkjet recording, comprising, as minimum 
constituent elements, at least one yellow ink containing a yellow dye, at least one magenta 
ink containing a magenta dye and at least one cyan ink containing a cyan dye, 

wherein an azo dye represented by formula (1) is used for at least one dye of said 
yellow, magenta and cyan dyes. 

[Claim 3] An inlget recording method comprising forming an image using 
the inkjet recording ink claimed in claim 1 or the ink set for inkjet recording claimed in claim 
2. 

[Claim 4] The inkjet recording method as claimed m claim 3, wherein an 

image is formed on an image-receiving material comprising a support having thereon an 
image-receiving layer containing a white inorganic pigment particle. 
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[DETAILED DESCMPnON OF THE INVENTION] 
[0001] 

[Technical Field to Which the Invention Belongs] 

The present invention relates to an ink and an ink set for inkjet recording, which 
ensure excellent image fastness, and also relates to an inkjet recording method using the ink 
or ink set. 

[0002] 

[Backgroimd Art] 

In recent years, the image recording material is predominated particularly by a 
material for forming a color image. More specifically, an inlget system recording material, 
a thennal transfer-type image recording material, a recording material using an 
electrophotographic system, a transfer system silver halide photographic material, a printing 
ink, a recording pen and the like are popularly used. 

In these color image recording materials, three primary color dyes (dyes or 
pigments) for a so-called subtractive color mixing method are used for reproducing or 
recording a fiill color image, however, a dye having absorption properties capable of 
realizing a preferred color reproduction region and having fastness capable of enduring 
various use conditions is not found at present and improvements are keenly demanded. 

The mkjet recording method has been abruptly spread and is further growing 
because the material cost is low, high*speed recording can be obtained, noises are less 
generated at the recording and color recording is easy. 

[0003] 

The inkjet recording method includes a continuous system of continuously jetting 
out a liquid droplet and an on-demand system of jetting out a liquid droplet according to 
image information signals, and the ejection ^stem therefor includes a system of ejecting a 
liquid droplet by applying a pressure using a piezoelectric element, a system of ejecting a 
liquid droplet by generating bubbles in ink using heat, a system of using an ultrasonic wave, 
and a system of ejecting a liquid droplet by suction using an electrostatic force. The ink 
used for inkjet recording includes an aqueous ink, an oily ink and a solid (fusion-type) ink. 
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[0004] 

The coloring agent used in such an Inkjet recording ink is required to have high 
solubility or dispersibility in a solvent, enable high-density recording, provide good color, be 
fast to light, heat and active gases in the environment (for example, NOx, oxidative gas (e.g., 
ozone) and SOx), exhibit excellent &stness to water and chemicals, ensure good fixing to an 
image-receiving material and less bleeding, give an ink having excellent storability, have 
high purity and no toxicity, and be available at a low cost. However, it is very diflQcuIt to 
find out a coloring agent satisfying these requirements in a high level. In particular, the 
coloring agent is strongly demanded to ensure good color for three primary colors, be £ist to 
light, humidity and heat and at the printing on an image-receiving material having an ink- 
accepting layer containing a porous white inorganic pigment particle, be resistant against 
oxidative gases such as ozone in the environment. 

[0005] 

Conventionally, azo dyes using a phenol, a naphthol or an aniline as the coupling 
component have been widely used as the dye. However, these dyes all are very poor in the 
fastness to oxidative gases such as ozone. 

[0006] 

[Problems to be Solved by the Invention] 

An object of the present invention is to solve the above-described problems in 
conventional techniques and provide the following dye, ink, ink set and Inkjet recording 
method. More specifically, the object of the present invention is to provide: 

1) an azo dye capable of drastically solving the ozone discoloration common 
to various dyes, 

2) an inlget recording ink capable of giving a color image having excellent 
fastness to ozone gas, and 

3) an ink set for Inkjet recording and an Inkjet recording method, wUch can 
form an image having excellent color reproducibility and high light fastness. 
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[0007] 

[Means to Solve the Problems] 

As a result of extensive investigations on the reaction of azo dye and ozone, the 
present inventors have found that azo dyes having low reactivity with ozone have common 
characteristic features, that is, 

(i) the reaction with ozone readily takes place in hydrazo-type dyes but not in 
azo-type dyes, and 

(ii) when a hydrogen atom is present at the a-position of an alkyl group- 
substituted heteroatom group such as amino group or ether group used as an auxochrome, the 
dye exhibits high reactivity with ozone. 

The aUcyl group-substituted heteroatom group in which a hydrogen atom is present 
at the a-position is a group shown as a substituent -X-CHRR' in the following formula (2): 



In fonnula (2), A and B have the same meanings as in the following formula (1), X 
represents a nitrogen or oxygen atom substituted on the ring B at the conjugated position ^th 
respect to the azo group, and R and R*, which may be the same or different, each represents a 
hydrogen atom, an alkyl group, an aryl group or a heterocyclic group. 

Furthermore, the present inventors have found that: 

(iii) when an electron-withdrawing substituent is substituted, the azo dye is 
retarded from the reaction with ozone. 

Based on these findings, the present inventors have reached an azo dye having a 
specific structure where a hydroxyl group ^eluding an enol group as a tautomer of ketone) 
at the conjugated position of azo group, which gives rise to generation of a hydrazo-type dye, 
is eliminated, hydrogen at the a-position as in formula (2) is not present and preferably, an 
electron-withdrawing group is substituted, and the present invention has been accomplished. 



[0008] 




[0009] 
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More specifically, the present invention provides an ink and an ink set for Inkjet 
recording, having the foUowing constitutions, and an inkjet recording method. 

1. An ink for inkjet recording, comprising at least one compound selected 
from azo dyes represented by the following formula (1): 
A-N=N-B 

wherein A and B may be the same or diflferent and each independently represents an aromatic 
group or a 5- or 6-membered imsaturated heterocyclic group, provided that the substituent on 
the A and B rings, which is located at the conjugated position with respect to the azo group, 
satisfies the following conditions (a) to (c): 

(a) the substituent is not a hydroxy! group. 

(b) when the substituent is an amino group, the amino group does not have a 
hydrogen atom at the a-position, and 

(c) when the substituent is an ether group, the ether group does not have a 
hydrogen atom at the a-position. 

2. An ink set for inkjet recording, comprising, as minimum constituent 
elements, at least one yellow ink containing a yellow dye, at least one magenta ink containing 
a magenta dye and at least one cyan ink containing a cyan dye, 

wherein an azo dye represented by formula (1) is used for at least one dye of the 
yellow, magenta and cyan dyes. 

3. An ink or ink set for inkjet recording as described in 1 or 2 above, wherein 
the dye is a water-soluble dye. 

4. An inkjet recording method comprising forming an image using the inkjet 
recordmg ink described in 1 above or the ink set for inkjet recording described in 2 above. 

5. The inkjet recording method as described in 3 above, wherein an image is 
formed on an image-receiving material comprising a support having thereon an image- 
receiving layer containing a white inorganic pigment particle. 

[0010] 

By using the azo dye represented by fonraila (1), not only the reactivity with ozone 
is greatly suppressed but also the light fastness is improved. Particularly, when a full color 
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ink comprising the azo dye of the present invention is used, the balance of the image as a 
whole is prevented from serious disruption due to discoloration by ozone or light and a high- 
quality full color image is obtained. Furthermore, even in use of inks differing m the 
density, which are recently used for enhancing the color reproducibility, no problem arises in 
the fastness of light color mk. In addition, the stability of the dye itself is increased, 
whereby the oxidation sta^^^^^ of ink is enhanced and the guarantee period as a commercial 
product can be elongated. 
[0011] 

pvfode for Canying Out the Invention] 
The present invention is described in detail below. 
[Azo Dye] 

In the present invention, an azo dye represented by the following formula (1) is used. 
Fozmula (1): 

A-N=N-B 

wherein A and B may be the same or different and each r^resents an aromatic group or a S- 
or 6-membered unsaturated heterocyclic group, provided that the substituent on the A and B 
rings, which is located at the conjugated position with respect to the azo group, satisfies the 
following conditions (a) to (c): 

(a) the substituent is not a hydroxyl group. 

(b) when the substituent is an amino group, the amino group does not have 
hydrogen at the a-position, and 

(c) when the substituent is an ether group, the ether group does not have 
hydrogen at the a-position. 

[0012] 

The aromatic group represented by A and B means an aryl group or a substituted 
aiyl group. The aryl group is preferably phenyl or naphthyl, more preferably phenyl. The 
number of carbon atoms in the aromatic group is preferably from 6 to 20, more preferably 
from 6 to 16. 

The 5- or 6-membered unsaturated heterocyclic group may have a substituent. 

6 
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Examples of the unsaturated heterocyclic ring include a thiophene ring, a furan ring, a pyrrole 
ring, a thiazole ring, an oxazole ring, an imidazole ring, an isothiazole ring, an isoxazole ring, 
a pyrazole ring, a thiadiazole ring, an oxadiazole ring, a triazole ring, a pyridine ring, a 
pyridazine ring, a pyrimidine ring and a pyrazine ring. Among these, preferred are a 
thiazole ring, an isothiazole ring, a pyrazole ring, a thiadiazole ring, a triazole ring, a pyridine 
ring and a pyrazine ring, more preferred are an isothiazole ring, a pyrazole ring, a thiadiazole 
ring and a pyridine ring, and most preferred are a pyrazole ring, a 1,2,4-thiadiazole ring, a 
1,3,4-thiadiazoIe ring and a pyridine ring. 

The substituents on the imsaturated heterocyrclic ring may combine with each other 
to form a condensed ring with the hydrocarbon ring or the unsaturated heterocyclic ring. 
The condensed ring may have a substituent thereon. In the case of a nitrogen-containing 
xmsaturated heterocyclic ring, the nitrogen atom may be quateraized. In the case of an 
unsaturated heterocyclic ring which can form a tautomer, even when only one of tautomers is 
described, the ring includes other tautomers. 

Preferably, at least either one of A and B is an unsaturated heterocyclic ring, and 
more preferably, both are an unsaturated heterocyclic ring. 

[0013] 

The conjugated position on the rings A and B with respect to the azo group means, 
for example, an oitho- or para-position when A and B are a phenyl group. When A and B 
are not a phenyl group, the conjugated position means the same positional relationship as in 
the case of a phenyl group, namely, a position where a lone electron pair of the heteroatom 
can conjugate with the azo group when an auxochrome is substituted. 

[0014] 

When the auxochrome is an amino group, the anuno group is an amino group not 
having hydrogen at the a-position. Specific ^camples thereof include an unsubstituted 
amino group and an amino group substituted by a tertiary alkyl group, an aryl group or a 
heterocyclic group. Among these, preferred are an arylamino group, a diarylamino group, a 
heteiylamino group and an aiylheterylamino group. 

When the auxochrome is an ether group, the ether group is an ether group not having 
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hydrogen at the a-position. Specific examples thereof include an aryloxy group and a 
heteryloxy group, with an arylo?^ group being preferred. 
[0015] 

In the case where the dye is a water-soluble dye^ the dye preferably further has an 
ionic hydrophilic group as a substituent. Bxamples of the ionic hydrophilic group as a 
substituent include a sulfo group, a carboxyl group, a phosphono group and a quatemaiy 
anomonium group. Among these ionic hydrophilic groups, preferred are a carboxyl group, a 
phosphono group and a sulfo group, more preferred are a carboxyl group and a sulfo group. 
The carboxyl group, the phosphono group and the sulfo group each may be in the form of a 
salt and examples of the counter ion for fonnmg the salt include anunonium ion, alkali metal 
ion (e.g., lithimn ion, sodium ion, potassium ion) and organic cation (e.g., 
tetranaethylammonium ion, tetramethylguanidium ion, tetramethylphosphonium). 

[0016] 

A and B each may have a substituent as long as the conditions (a) to (c) are satisfied, 
and specific examples thereof include an azo group, a halogen atom, an alkyi group 
(including a cycloallcyl groups an alkenyl group (including a cycloalkenyl group), an alkynyl 
group, an aryl group, a heterocyclic group, a qrano group, a hydroxyl group, a nitro group, a 
carboxyl group, an alkoxy group, an aiyloxy group, a silyloxy group, a heterocyclic oxy 
group, an acyloxy group, a carbamoyloxy group, an alkoxycarbonyloxy group, an 
aryloxycarbonyloxy group, an amino group (including an anilmo group), an acylamino group, 
an aminocarbonylamino group, an alkoxycarbonylamino group, an aryloxycarbonylamino 
group, a sulfamoylamino group, an alkylsulfonylamino group, an arylsulfonylamino group, a 
mercapto group, an alkylthio group, an arylthio group, a heterocyclic thio group, a sulfamoyl 
group, a sulfo group, an alkylsulfinyl group, an arylsulfinyl group, an alkylsulfonyl group, an 
arylsulfonyl group, an acyl group, an aiyloxycarbonyl group, an alkoxycarbonyl group, a 
carbamoyl group, an aiylazo group, a heterocyclic azo group, an imido group, a phosphino 
group, a phosphono group, a phosphinyl group, a .phosphinyloxy group, a phosphinylamino 
group and a silyl group. Among these, prefiored are a halogen atom, a heterocyclic group, a 
cyano group, a nitro group, a carboxyl group, an acyloxy group, a carbamoyloxy group, an 
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alkoxycarbonyloxy group, an aryloxycarbonyloxy group, a sulfaxnoyi group, a sulfo group, 
an alkylsulfinyl group, an arylsulfinyl group, an alJcylsulfonyl group, an arylsulfonyl group, 
an acyl group, an aiyloxycarbonyl group, an alkoxycarbonyl group, a carbamoyl group, an 
imido group, a phosphoryl group, a phosphono group, a phosphinoyl group, a phosphonyl 
group, a phosphinoyloxy group, a phosphinoylamino group. In the case where the 
jubstituent is an azo g roup, the dye of formula (l)_rqpresents a disazo dye, a trisazo dye or 
the like and this dye is preferred as a black dye. 

In particular, the substituent is preferably an electron-withdrawing group, more 
preferably a substituent having a op value of 0.40 or more. Examples of the substituent 
having a op value of 0.40 or more include a cyano group, a nitro group, a caiboxyl group, a 
sulfamoyl group, an alkylsulfmyl group, an aiylsulfinyl group, an aUcylsulfonyl group, an 
arylsulfonyl group, an acyl group, an aiyloxycarbonyl group, an alkoxycarbonyl group, a 
carbamoyl group, an imido group, a phosphono group, a phosphoryl group, an electron- 
withdrawing group-substituted alkyl group (e.g., trihalomcthyl group, perfluoroalkyl group, 
dicyanomethyl group, iminomethyl group), an electron-withdrawing group-substituted 
alkenyl group (e.g., tricyanovinyl group) and a quaternary salt substituent (e.g., sulfonium 
group, ammonium group, phosphonium group). Among these functional group, those 
having a hydrogen atom may be substituted by the above-described group after eliminating 
the hydrogen atom. Examples of such a substituent include an alkyicarbonylaminosulfonyl 
group, an arylcarbonylaminosulfonyl group, an alksrisulfonylaminocarbonyl group and an 
arylsulfonylaminocarbonyl group. 

The substituents on the heteroQ^clic xing may combine with each other to form a 
condensed ring with the hetero(7dic ring and the condensed ring may have a substituent 
thereon. 

[0017] 

In the present invention, an electron-withdrawing group is preferably introduced into 
the dye skeleton to render the oxidation potential nobler so as to reduce the reactivity with 
ozone which is an electrophilic agent When this is described using a Hammett's substituent 
constant op value as a measure for the electron withdrawing or donating property of the 
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substituent, the reactivity with ozone can be decreased by introducing a substituent having a 
large op value, such as nitro group, cyano group, sulfinyl group, sulfonyl group and 
sulfamoyl group. 
[0018] 

The Haxnmett's substituent constant op value is briefly described. The Hammett's 
rule is a rule of thumb advoc^ed by L.P. Hammett in 1935 so as to quantitatively discuss the 
effect of substituent on the reaction or equilibrium of benzene derivatives and its propriety is 
widely admitted at present. The substituent constant determined by the Hammett's rule 
includes a op value and a am value and these values can be found in a large number of 
general publications but these are described m detail, for example, in J.A. Dean (compiler), 
J^ange's Handbook of CbemistlY, 12th ed., McGraw-Hill (1979), and Kacakuno Rvoiki 
(Chemistry Region), special number, No. 122, pp, 96-103, Nankodo (1979). 

[0019] 

In addition to the above-described substituent, when a larger number of atoms 
having a high electron negativity are contained as a constituent atom of the chromophore, the 
reactivity with ozone can be generally more decreased. 

Accordingly, the reactivity with ozone can be more decreased by using, for example, 
an unsaturated heterocyclic ring than an aiyl group as a constituent element of the 
chromophore. 

Examples of the heteroatom having a high electron negativity include a nitrogen 
atom, an oxygen atom and a sulfur atom. Among these, a nitrogen atom is preferred. 
[0020] 

Therefore, the azo dye for use in the present invention is preferably a dye where the 
chromophore is constituted by a heteroatom or contains an unsaturated heterocyclic ring or 
an electron-withdrawing group. 

The electron-withdrawing substituent is preferably a substituent having a Hammett's 
op value of 0.4 or more, more preferably 0.45 or more, and most preferably 0.50 or more. 
In the case where a plurality of electron-withdrawing groups are present as the substituent on 
the chromophore, the sum total of op values of the substituents is preferably 0.50 or more, 
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more preferably 0.60 or more, and most preferably 0.70 or more. Specific examples of the 
electron-withdrawing group having a op value of 0.40 or more include those described in I. A. 
Dean (compiler), Lanee's Handbook of Chemistry, l2tfa ed., McGraw-Hill (1979), and 
Kayakuno Rvoiki rChemistrv Regmny special number, No. 122, pp. 96-103, Nankodo (1979). 
[0021] 

As long as formula (1) is satisfied, the dye can be used in the present invention 
irrespective of the color of the dye. The azo dye of the present invention is particularly 
useful and preferably used as a magenta dye, a black dye or a yellow dye. The black dye is 
preferably a disazo dye or atrisazo dye. 

[0022] 

In the case of using the present invention for the fonnation of a foil color image, the 
image is formed using an ink set comprising, as mmimum constituent dements, at least one 
yellow ink containing a yellow dye, at least one magenta ink containing a magenta dye and at 
least one cyan ink containing a cyan dye. At least one of the azo dyes used is preferably the 
azo dye represented by fonnula (1) and at least a yellow or magenta color ink preferably 
contains the azo dye represented by formula (1). More preferably, all azo dyes used are the 
dye of formula (1). In addition, the black dye is also preferably the azo dye of formula (1) 
but this dye may be a self-dispersing carbon black described in JP-A-2001-89688 (the teim 
" JP-A" as used herein means an "unexamined published Japanese patent application"). 

[0023] 

In general, a pbthalocyanine dye is preferably used as the cyan dye but in view of 
balance of discoloration with the azo dye of the present invention, a phthalocyanine dye 
represented by the following formula (3) is preferred. 
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Formula (3) 

[0024] 




[0025] 

wherein Xn to Xm each mdependently represents an electron-withdrawing group having a cp 
value of 0.40 or more, Yu to Yu each independently represents a monovalent substituent, 
preferably a hydrogen atom, M represents a hydrogen atom, a metal element or its oxide, 
hydroxide or halide, and an to ai4 each independently represents an integer of 1 or 2. 

When the dye is a water-soluble dye, an ionic hydrophilic group is preferably further 
present as a substituent at any position on Xn to Xm or on Yn to Yig. Examples of the 
ionic hydrophilic group as a substituent include those described above. 

[0026] 

Preferred examples of the dye which can be used in the present invention are set 
forth below, however, these are shown only for describing the present invention in detail and 
the present invention is not limited thereto. 
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[0027] 

(OC4H9 N=N-< ]. 



R 



Dye 


R 


Y-1 


-NHCaH^SOaNa 




COONH4 


Y-2 


-NH-Q 




COONH4 




SO3K 


Y-3 


«NH-Q 




SOaK 


Y-* 


~N— (-CHjCOONa)^ 


Y-5 


-NHC,H,3 


Y-6 





fl7-fl6-l8;tfl:22PM; BUCHANAN ; # 20/ 85 



[0028] 
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[0029] 
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[0032] 
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[0057] 

La the following Tables, specific examples of each pair of pCi, Xa), (Yu, Yn), (Yn, 
Yj4), (Yi5, Yu) and (Yn, Yw) are independently in an irregular order. 
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[0064] 

In the foUowing Tables, introduction sites of substituents (Ri) and (Ra) are in an 
irregular order Tvithin the P-position substitution type. 
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[0068] 
[Inkjet Recording Ink] 

The inlget recording ink can be produced by dissolving and/or dispersing the above- 
described phthalocyanine-type compound in a lipophilic or aqueous medium. Preferably, an 
aqueous medium is used. If desired, other additives are contained within the range of not 
impairing the effect of the present invention. Examples of other additives inchide known 
additives such as drying inhibitor (wetting agent), discoloration inhibitor, emulsification 
stabUizer, penneation accelerator, ultraviolet absorbent, antiseptic, fungicide, pH adjusting 
agent, surfiice tension adjusting agent, defoaming agent, viscosity controUing agent, 
dispersant, dispersion stabilizer, rust inhibitor and chelating agent These various additives 
are directly added to the ink solution in the case of a water-soluble ink. When an oil-soluble 
dye is used m the fonn of a dispersion, the additives are generally added to the dispersion 
after the preparation of a dye dispersion but may be added to the oil or aqueous phase at the 
preparation. 

[0069] 

The drying inhibitor is suitably used for the purpose of preventing occurrence of 
clogging due to drying of the inkjet ink at the ink jetting port of a nozzle used for the inkjet 
recording system. 

[0070] 

The drying inhibitor is prrferably a water-soluble organic solvent having a vapor 
pressure lower than water. Specific examples thereof include polyhydric alcohols 
represented by ethylene glycol, propylene glycol, diethylene glycol, polyethylene glycol, 
thiodiglycol. dithiodiglycol, 2-methyl-l,3-propanediol. l,2,6-he)canetiiol, acetylene glycol 
derivative, glycerin and trimethylolpropane; lower alkyl ethers of polyhydric alcohol, such as 
ethylene glycol monomethyl(or ethyl) ether, diethylene glycol monomethyl(or ethyl) ether 
and triethylene glycol monoethyl(or butyl) ether, heterocyclic rii^ such as 2-pyrrolidone, N- 
methyl-2-pyiTOlidone, l,3-dimethyl-2-imida2oKdinone and N-ethylmorpholine; sulfur- 
containmg compounds such as sulfolane, dimethylsulfoxide and 3-sulfolene; polyfiinctional 
compounds such as diacetone alcohol and diethanolamine; and urea derivatives. Among 
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these, polyhydric alcohols such as glycerin and diethylene glycol are preferred. These 
drying inhibitors may be used individually or in combination of two or more thereof The 
drying inhibitor is preferably contained in the ink in an amount of 10 to SO uassVo. 
[0071] 

The permeation accelerator is suitably used for the purpose of obtaining higher 
permeation of the inkjet ink into paper. Examples of the permeation accelerator which can 
be used include alcohols such as ethanol, isopropanol, butanol, di(tii)ethylene glycol 
monobutyl ether and 1,2-hexanediol, sodium laurylsulfate, sodium oleate and nonionic 
sur&ctants. A sufiGciently high efifect can be usually obtained by adding from 5 to 30 
mass% of the permeation accelerator to the ink. The permeation accelerator is preferably 
used in an amount within the range of causing no blurring of printed letter or no print through. 

[0072] 

The ultraviolet absorbent is used for the purpose of improving the preservability of 
image. Examples of the ultraviolet absorbent which can be used include benzotriazole-base 
compounds described in JP-A-58-185677, JP-A-61-190537, JP-A.2-782, JP-A-5-197075 and 
JP-A-9-34057, benzophenone>base compounds described in IP-A-46-2784, JP-A-5-1 94483 
and U.S. Patent 3,214,463, cinnamic acid-base compounds described in J?-B-48-30492 (the 
term "JP-B" as used herein means an "examined Japanese patent publication"), JP-B-56- 
21141 and JP-A-1 0-88 106, triazine-base compounds described in JP-A-4-298503, JP-A-8- 
53427, JP-A-8-239368, JP-A-10-182621 and JP-T-8-501291 (the term "JP-T" as used herein 
means a published Japanese translation of a PCT patent application"), compounds described 
in Resgych Pisclosuf e No. 24239. and compounds of absorbing ultraviolet light and emitting 
fluorescent liglrt, so-called fluorescent brightening agents represented by stilbene-base 
compound and benzoxazole-base compound. 

[0073] 

The discoloration inhibitor is used for the purpose of improving the preservability of 
image. Examples of the discoloration inhibitor which can be used include various organic 
discoloration inhibitors and metal complex-base discoloration inhibitors. Examples of the 
organic discoloration inhibitor include hydroquinones, alko^g^henols, dialkoxyphenols, 
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phenols^ anilines, amines, indanes, chromans, alkoxyanilines and hcteroqrdic rings. 
Examples of the metal complex include nickel complex and zinc complex. More 
specifically, compounds described in patents cited in Research Disclftqira , Nos. 17643 (Items 
Vn-I to Vn-J), 15162, 18716 (page 650, left column), 36544 (page 527), 307105 (page 872) 
and 15162, and compounds included in fonnulae of representative compounds and in 
exemplary compounds described in JP-A-62-215272 (pages 127 to 137) can be used. 
[0074] 

Examples of the fungicide include sodium dehydroacetate, sodium benzoate, sodium 
pyridinethione-l-oxide, ethyl p-hydroxybenzoate. l,2-benzisothiaiolin-3-one and salts 
thereof. The &ngicide is preferably used in the ink in an amount of 0.02 to 1 .00 ma$s%. 

[0075] 

As the pH adjusting agent, the above-described neutralizer (e.g., oiganic base, 
inorganic alkaU) can be used. The pH adjusting agent is used for the purpose of improving 
the storage stability of the inkjet ink and is preferably added to adjust the inkjet ink to a pH of 
6 to 10, more preferably to a pH of 7 to 10. 

[0076] 

The surface tension adjusting agent includes nonionic, cationic and anionic 
sur&ctants. Preferred examples of the surfactant include anionic surfactants such as fatty 
acid salt, alkylsulfuric ester salt, alkylbenzenesulfonate, alkykaphthalencsulfonate, 
dialkylsulfosuccinate, alkylphosphoric ester salt, naphthalenesul&nic acid formalin 
condensate and polyoxyethylenealkylsulfuric ester salt, and nonionic surfactants such as* 
polyoxyethylene alkyl ether, polyoxyethylene alkylallyl ether, polyoxyethylene fatty acid 
ester, soibitan fatty acid ester, polyoxyethylene sorbitan fatty add ester, polyoxyethylene 
allqrlaimne, glycerin fatty add ester and oxyethylene oxypropylene block copolymer. Also, 
SUBrVNOLS (produced by Air Products & Chemicals), which is an acetylene-base 
polyoxyethylene oxide surfectant, is preferably used. In addition, amine oxide-type 
amphoteric surfactants such as N,N-dimethyI-N-alkylamine oxide are preferred. 
Furthermore, surfactants described in JP-A-59-157636 (pages (37) to (38)) and BsssiEsi 
DjsclQjme, No. 308119 (1989) can be also used. 
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[0077] 

As the defbaming agent, for example, a chelating agent represented by the fluorine- 
or sUicon-containing compound and EDTA can be used, if desired. 
[0078] 

When the dye of the present invention is oil-soluble, the dye is preferably dispersed 
in an aqueous medium by a method where a colored fine particle containing the dye and an 
oil-soluble polymer is dispersed in an aqueous medium described in JP-A-l 1-286637 and 
Japanese Patent Application Nos. 2000-78491, 2000-80259 and 2000-62370, or a method 
where the dye of the present invention dissolved in a high boiling point organic solvent is 
dispersed in an aqueous medium described in Japanese Patent Application Nos. 2000-78454, 
2000-78491, 2000-203856 and 2000-203857. With respect to the specific method for 
dispersing the dye of the present invention in an aqueous medium, the oil-soluble polymer, 
high boiling point organic solvent and additives used and the amounts thereof; those 
described in the above patent publications can be preferably used. Also, the dye which is 
soKd can be dispersed as it is in a fine particle state. At the dispersion, a dispersant or a 
surfectant can be used. As for the dispersing device, a simple stirrer, an impeller stirring 
system, an in-line stirring system, a mill system (e.g., colloid mill, ball mill, sand null, attiitor. 
roll mill, agitator mill), an ultrasonic wave system and a high-pressure emulsification 
dispersion system (high-pressure homogenizer and as the commercially available device, 
specific examples thereof include Gaulin Homogenizer, Microfluidizer and DeBHE 2000) 
can be used. The preparation method of the Inkjet recording ink is described in detail, in 
addition to the above patent publications, in JP-A-5-148436, JP-A-5-2953 12, JP-A-7-97541, 
JP-A-7-82515. JP-A.7-118584, JP-A-11-286637 and Japanese Patent Application No. 2000- 
87539 and the methods described in these patent publications can be used also for the 
preparation of the Inkjet recording ink of the present invention. 
[0079] 

As the aqueous medium, a mixture comprising water as the main component and a 
water-miscible organic solvent added, if desired, can be used. Examples of the water- 
miscible organic solvent include alcohols (e.g., methanol, ethanol, propanol, isopropanol, 
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butanol, isobutanol, sec-butanol, tert-butanol, pentanol, hexanol, cyclohexanol, benzyl 
alcohol), polyhydric alcohols (e.g., ethylene glycol, diethylerie glycol, triethylene glycol, 
polyethylene glycol, propylene glycol, dipropylene glycol, polypropylene glycol, butylene 
glycol, hexanediol, pentanediol, glycerin, hexanetriol, thiodiglycol), glycol derivatives (e.g., 
ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, ethylene glycol 
monobutyl ether, diethylene glycol monomethyl ether, diethylene glycol monobutyl ether, 
propylene glycol monomethyl ether, propylene glycol monobutyl ether, dipropylene glycol 
monomethyl ether, triethylene glycol monomethyl ether, ethylene glycol diacetate, ethylene 
glycol monomethyl ether acetate, triethylene glycol monomethyl ether, triethylene glycol 
monoethyl ether, ethylene glycol monophenyl ether), amines (e.g., ethanolamine. 
diethanolamine. triethanolamine, N-methyldiethanoIamine, N-ethyldiethanolamine, 
moipholine, N-ethylmoxpholine, ethylenediamine, diethylenetriamine, triethylenetettamine, 
polyethyleneimine, tetramethylpropylenediamine) and other polar solvents (e.g., formamide, 
N,N-dimethylfonnamide, N,N-dimethylacetamide, dimethylsulfoxide, sulfolane, 2- 
pyrroUdone, N-methyl-2-pyrroUdone, N-vinyl-2-pyrrolidone, 2-oxazoHdone. l,3-dimethyl-2- 
imidazolidinone, acetonitrile, acetone). These water-miscible organic solvents can be used 
in combination of two or more thereof. 
[0080] 

The inkjet recording ink of the present invention preferably contains from 0.2 to 10 
parts by mass of the dye of the present invention per 100 parts by mass of the ink. 
Furthermore, the yellow, magenta and cyan inkjet inks of the present invention each may 
contain two or more dyes in combination as long as the oxidation potential is nobler than 1.0 
V. In the case of using two or more djres in combination, the total content of the dyes is 
preferably in the above-described range. 

In recent years, yellow, magenta and cyan inks each is often composed of two or 
more inks differing in the dye concentration so as to obtain higher image quality. In the 
present invention, the dyes used in the deep or light color ink all preferably have an oxidation 
potential nobler than 1.0 V. 
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[0081] 

The viscosity at 25'C of the inkjet recording ink of the present invention is generally 
from 1 to 40 mPa*^ preferably from 1 to 30 mPa«s, more preferably from 1 to 20 mPa^s. 
The surfece tension thereof at 25"C is, irrespective of dynamic or static suifece tension, 
generally from 20 to 100 mN/m, preferably from 20 to 70 mN/m, more preferably from 20 to 
50 mN/m. The viscosity and the sui&ce tension can be adjusted by the addition of various 
additives, for example, a viscosity adjusting agent, a surface tension adjusting agent, a 
resistivity adjusting agent, a film adjusting agent, an ultraviolet absorbent, an antioxidant, a 
discoloration inhibitor, a ftmgicide, a rust preventive, a dispersant and a suifectanl 

[0082] 

The inkjet recording ink of the present invention is used for the fonnation of a fiill 
color image but for adjusting the color tone, a black color tone ink may be fimher used. 
Examples of the black coloring material which can be used include disazo, trisazo and 
tetraazo dyes and a dispersion of carbon black. 

[0083] 

[Inkjet Recording Method] 

According to thie inkjet recording method of the present invention, an energy is 
provided to the inlget recording ink and thereby an image is formed on a known image- 
receiving material, namely, plain paper, resin coated paper, inkjet special paper described, for 
example, in JP-A-8-169I72, JP-A-8-27693, JP-A-2-276670, JP-A-7-276789. JP-A-9-323475, 
JP-A-62-238783. JP-A-10-153989, JP-A-10-217473, 3P-A-10.235995, JP-A- 10-337947, JP- 
A-10-217597 and JP-A-10-337947, film, electrophotographic common paper, cloth, glass, 
metal, ceramic or the like. 

[0084] 

In forming an image, a polymer latex compound may be used in combination for the 
purpose of giving glossiness or water resistance or improving the weather resistance. The 
timing of imparting the latex conq)ound to the image-receiving material may be before, after 
or simultaneous with the addition of the coloring agent. Accordingly, the site to which the 
latex compound added may be in the image-receiving paper or ink, or a liquid material 
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composed of the polymer latex alone may be prepared and used. More specifically, the 
methods described in Japanese Patent AppHcation Nos, 2000-363090, 2000-315231, 2000- 
354380, 2000-343944 and 2000-268952 can be preferably used. 
[0085] 

The recording paper and recording film for use in the inkjet printing employing the 
ink of the present invention are described below. The support which can be used for the 
recording paper or film is produced, for example, from a chemical pulp such as LBKP and 
NBKP, a mechanical pulp such as GP, PGW, RMP, TMP, CTMP. CMP and CGP, a waste 
paper pulp such as DIP, by mixing thereto, if desired, additives such as conventionally 
known pigment, binder, sizing agent, fixing agent, cation agent and paper strength increasing 
agent and then sheeting the mixture using various devices such as Fourdrinier paper machine 
and cylinder paper machine. Other than this support, synthetic paper or plastic film may be 
used. Th thickness of the support is preferably from 10 to 250 iim and the basis weight is 
prefaably from 10 to 250 g/m^ An ink-accepting layer and a backcoat layer may be 
provided on the support as it is or may be provided afrer providing a size press or anchor coat 
layer using starch, polyvinyl alcohol or the like. The support may also be subjected to a 
flattening treatment by a calendering device such as machine calender, TG calender and soft 
calender. In the present invention, the support is preferably paper or plastic fihn of which 
both surfaces are laminated with polyolefin (for example, polyethylene, polystyrene, 
polyethylene terephthalate, polybutene or a copolymer thereof). In the polyolefin. a white 
pigment (for example, titanium oxide or zinc oxide) or a tinting dye (for example, cobalt blue, 
xiltramarine or neodymium oxide) is preferably added. 
[0086] 

The ink-accepting layer provided on the support contains a pigment and an aqueous 
binder. The pigment is preferably a white pigment The white pigment includes a white 
inorganic pigment such as calcium carbonate, kaolin, talc, clay, diatomaceous earth, synthetic 
amorphous siUca. ahiminum silicate, magnesium silicate, calcium silicate, aluminum 
hydroxide, alumina, lithopone, zeoUte, barium sulfate, calcium sulfate, titanium dioxide, zinc 
sulfide and zinc carbonate, and an organic pigment such as styrene-base pigment, acryl-base 
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pigment, urea resin and melamine resin. The white pigment contained in the ink-accepting 
layer is preferably a porous inorganic pigment, more preferably a synthetic amorphous silica 
or the like having a large pore area. Tht synthetic amorphous silica may be either a silicic 
acid anhydride obtained by a dry production method or a silicic add hydrate obtained by a 
wet production method, but a silicic acid hydrate is preferred. 
[0087] 

Examples of the aqueous binder contained in the ink-accepting layer include water- 
soluble polymers such as polyvinyl alcohol, sUanol-modified polyvinyl alcohol, starch, 
cationized starch, casein, gelatin, carboxymethyl cellulose, hydro\7ethyl cellulose, 
polyvinylpyrrolidone, polyalkylenc oxide and polyalkylene oxide derivative, and water- 
dispersible polymers such as styrene butadiene latex and acryl emulsion. These aqueous 
binders can be used individually or in combination of two or more thereof In the present 
invention, among these, polyvinyl alcohol and silanol-modificd polyvinyl alcohol are 
preferred in view of attaching property to the pigment and peeling resistance of the ink- 
accepting layer. 

The ink-accepting layer may contain a mordant, a water-proofing agent, a light 
festness enhancer, a surfactant and other additives in addition to the pigment and the aqueous 
binder. 

[0088] 

The mordant added to the ink-accepting layer is preferably immobilized and for this 
purpose, a polymer mordant is prefia-ably used. 

The polymer mordant is described in JP-A-48-28325, JP-A-54-74430, JP-A-54- 
124726, JP-A-55-22766. JP-A-55-142339. JP-A-60.23850, JP-A-60-238S1, JP-A-60-23852, 
JP-A-60-23853. JP-A-60.57836, JP-A-60-60643, JP-A-60-I18834, 3P-A-60-122940, JP-A- 
60-122941, JP-A-60-122942, JP-A.60-235134, JP-A-1-161236 and U.S. Patents 2.484,430, 
2,548,564, 3,148,061. 3,309,690, 4.115.124, 4,124,386, 4,193,800, 4.273,853. 4.282,305 and 
4,450,224. An image-receivmg material containing the polymer mordant described in 3P-A- 
1-161236 (pages 212 to 215) is particularly preferred. When the polymer mordant 
described in this patent publication is used, an image having exceUent image quality can be 
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obtained and at the same time, light ftstness of the image is improved. 
[0089] 

The water-proofing agent is effective for water-proofing the image. The water- 
proofing agent is preferably a cationic resin. Examples of the cationic resin include 
polyamidopolyamine epichlorohydrin, polyethyleneimine, polyaminesulfone, poly- 
dimethyldiallylammonium chloride, cation polyacrylamide and colloidal silica. Among 
these cationic resins, polyamidopolyamine epichlorohydrin is preferred. The content of the 
cationic resin is preferably firom 1 to 15 mass%, more preferably fi-om 3 to 10 mass%, based 
on the entire solid content of the ink-acceptmg layer. 

[0090] 

Examples of the light fastness enhancer include zmc sulfate, zinc oxide, hindered 
amine-base antioxidants and benzotriazole-base ultraviolet absorbents such as benzophcnone. 
Among these, zinc sulfate is preferred. 

[0091] 

The surfactant fimctions as a coating aid, a releasability improver, a slipperiness 
improver or an antistatic agent. The surfiictant is described ux JP-A-62-173463 and JP-A- 
62-183457. In place of the surfiictant, an organofluoro compound may be used. The 
organofluoro compound is preferably hydrophobic. Examples of the organofluoro 
compound include a fluorine-containing surfkctant, an oily fluorine-base compound (for 
example, fluorine oil) and a solid fluorine compound resin (for example, ethylene 
tetrafluoride resin). The organofluoro compound is described in JP-B-57-9053 (columns 8 
to 17), JP-A-61-20994 and JP-A-62-135826. Other additives added to the ink-accepting 
layer include a pigment dispersant, a thickener, a defoaming agent, a dye, a fluorescent 
brightening agent, an antiseptic, a pH adjusting agent, a matting agent, a hardening agent and 
the like. The ink-accepting layer may be either one layer or two layers. 
[0092] 

In the recording paper or film, a backcoat layer may also be provided. Examples of 
the component which can be added to this layer include a white pigment, an aqueous binder 
and other components. Examples of the white pigment contained in the backcoat layer 

61 



0/-lib"-IS;iU:i!;!f'M; 



BUCHANAN 



I 



# 68/ 85 



include white inorganic pigments such as precipitated calcium carbonate, heavy calcium 
carbonate, kaolin, talc, calcium sulfate, barium sulfate, titanium dioxide^ zinc oxide, anc 
sulfide, zinc carbonate, satin white, aluminum silicate, diatomaceous earth, calcium silicate, 
magnesium silicate, synthetic amorphous silica, colloidal silica, colloidal alumina, pseudo- 
boehmite, aluminum hydroxide, alumina, lithopone, zeolite, hydrolyzed halloysite, 
magnesium carbonate and magnesiimi hydroxide, and organic pigments such as styrene-base 
plastic pigment, aayl-base plastic pigment, polyethylene, microcapsule, urea resin and 
melamine resin. 
[0093] 

Examples of the aqueous binder contained in the backcoat layer include water- 
soluble polymers such as styrene/maleate copolymer, styrene/acrylate copolymer, polyvinyl 
alcohol, silanol-modified polyvinyl alcohol, starch, cationized starch, casein, gelatin, 
carboxymethyl cellulose, hydroxyethyl cellulose and polyvinylpyrrolidone, and water- 
dispersible polymers such as styrene butadiene latex and acryl emulsion. Other components 
contained in the backcoat layer include a defoaming agent, a foam inhibitor, a dye, a 
fluorescent brightening agent, an antiseptic, a water-proofing agent and the like. 

[00^4] 

A polymer latex may be added to a constituent layer (including the backcoat layer) 
of the inkjet recording paper or fihn. The polymer latex is used for the purpose of 
improving film properties, for example, stabilizing the dimension and preventing the curling, 
adhesion or film cracking. The polymer latex is described in JP-A-62-245258, JP-A-62- 
1316648 and JP-A-62-110066. When a polymer latex having a low glass transition 
temperature (40''C or less) is added to a layer containing a mordant, the layer can be 
prevented fi-om cracking or curling. The curlmg can also be prevented by adding a polymer 
latex having a high glass transition temperature to the backcoat layer. 

[0095] 

The ink of the present invention is not limited in the inkjet recording system and is 
used in a known system such as an electric charge control system of jetting out the ink by 
using the electrostatic induction force, a drop-on-demand system (pressure pulse system) of 
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using an oscillation pressure of a piezoelectric device, an acoustic inkjet system of converting 
electric signals into acoustic beams, irradiating the beams on the ink and jetting out the ink 
by using the radiation pressure, and a thermal inkjet system of heating the ink to form 
bubbles and utilizing the generated pressure. The inkjet recording system includes a system 
of ejecting a large number of smaU volumes of so-called photo-ink having a low 
concentration, a system designed to improve the image quality by using a plurality of inks 
substantially same in the color hue but differing in the concentration, and a system of using 
colorless transparent ink. 

[0096] 

[Examples] 

The present invention is described in greater detaU below by refening to Examples, 
however, the present invention is not limited to these Examples. 

[0097] 
^Example 1] 

(Preparation of Aqueous Ink) 

Deionized water was added to the following components to make 1 liter and the 
resulting solution was stiired for 1 hour under heating at 30 to 40''C, Thereafter, the 
solution was adjusted to a pH of 9 with 10 moVL of KOH and then filtered under reduced 
pressure through a microfilter having an average pore size of 0.25 |im to prepare a light 
magenta ink solution. 

<Composition of Light Magenta Ink Solution> 



Dye(T-l) 


7.5 g/liter 


Diethylene glycol 


150 g/liter 


Urea 


37 g/liter 


Glycerin 


130 g/liter 


Triefliylene glycol monobutyl ether 


130 g/liter 


Triethanolamine 


6.9 g/Iiter 


Benzotriazole 


0.08 g/Iiter 


SXJRFYNOL 465 (produced by Air Products Japan) 


10.5 g/Uter 
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PROXEL XL2 (microbicide, produced by ICI Japan) 3 .5 g/litcr 
[0098] 

A magenta ink, a light cyan ink, a cyan ink, a yellow ink and a black ink were 
further prepared by changing the dye species and additives and using these inks, Ink Set 101 
having concentrations shown in Table 1 was prepared. 
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[0099] 
[Table 12] 





Light 
Magenta 


Magenta 


Light 
Cyan 


Cyan 


Yellow 


Blade 


Dye (g/liter) 


T-1 

7.5 


T-1 
30.C 


T-2 
8.75 


T-2 
35.0 


T-3 

» 29.C 


T-4 
' 20.0 
T-5 

20.0 
i-o 

T-3 
21.0 


Diethylene glycol 
(g/liter) 


150 


110 


200 


130 


160 


20 


Urea (g/liter) 


37 


46 










Glycerin (g/liter) 


130 


160 


150 


180 


150 


120 


Triethylene glycol 
monobutyl ether 
(g/liter) 


130 


140 


130 


140 


180 




Diethylene glycol 
monobutyl ether 

(g/liter) 












230 


2-Pyrrolidone (g/liter) 


- 


- 


- 


- 


- 


81 


SURFYNOL465 
(g/Uter) 


10.5 


10.0 


9.8 


10.5 


- 


- 


SURFYNOL STG 
(g/Uter) 










8.5 


9.8 


Triethanolamine 
(g/liter) 


6.9 


7.0 


6.0 


6.3 


0.9 


17.9 


Benzotriazole (g/Iiter) 


0.08 


0.07 


0.08 


0.08 


0.06 


0.06 


ProxeIXL2 (g/liter) 


3.5 


1.5 


1.1 


1.2 


1.5 


1.1 



[0100] 



Ink Sets 102 to 113 were prepared by changing the dye species in each of light 
magenta, magenta, light cyan, cyan, yellow and black inks of Ink Set 101 as shown in Table 
2. In dianging the dye, each dye was fundamentally replaced by an equimolar amount of 
dye and the dye concentration of each ink solution was adjusted to give the same 
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transmission density as in Ink Set 101. When dyes were used In combination, the dyes 
used in equimolar amounts. 
[0101] 



[Table 2] 





JL>igni 
Magenta 


jviagenta 


Light 


Cyan 


Yellow 


Black 


Remarks 


101 


T-1 


T-1 


T-2 




T 1 


T-4,T-5 


Companson 


102 


T-7 


T-1 


C-8 


C-8 




1-4,1-5 

1-0, i-i 




103 


T-1 


T-1 


C-8 


C-8 


Y-22 


15 iC" / 


M 


104 


M-36 


M-36 


C-8 


C-8 




J5K-/ 


ti 


105 


M-36 


M-36 


C-8 


C-8 

W— W 


1 -46^ 


T-6,T-3 


|l 


106 


M-36 


M-36 


C-8 


c-8 


Y-22 


Bk-7 


Juiveniion 


107 


M-36 


M-40 


C-8 


C-1 


Y-22 


Bk-9 


M 


108 


M-34 


M-36 


C-18 


C-18 


Y-2 


Bk-8 


II 


109 


M-36 


M-50 


C-54 


C-54 


Y-34 


Bk-9 


If 


110 


M-36 


M-12 


C-54 


C-8 


Y-26 


Bk-9 


II 


111 


M-36 


M-32 


C-54 


C-54 


Y-36 


Bk-7 


II 


112 


M-36 


M-80 


C-54 


C-54 


Y-59 


Bk-9 


II 


113 


M-36 


M-37 


C-54 


C-54 


Y-58 


Bk-15 


It 


114 


M-36 


M-36 


C-8 


C-8 


Y-22 


Black Ink 
A 


II 



[0102] 



Dyes T-1 to T-7 for comparison in Tables 1 and 2 are shown below. 
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[0103] 




[0104] 

(Image Recording and Evaluation) 

Ink Sets 101 to 113 each was filled in a cartridge of an inkjet printer PM770C 
(manufactured by Seiko Epson Corporation) and an image and letters were printed on Inkjet 
Paper PM produced by Seiko Epson Corporation using the same printer. The following 
evaluations were performed. 
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<LigfatFastness> 

The chromaticity (a*l, b*l) and lightness (LI) immediately after the printing were 
measured using SPMIOO-H manufectured by Gretag Coip. Also, after irradiation for 7 days 
with xenon light (85,000 hix) using a weather meter manufactured by Atlas Co., the 
chromaticity (a*2, b*2) and lightness (L2) were again measured. The color difference (AE) 
between before and after the light irradiation was obtained according to the following 
formula and evaluated. 

AE={(a* l-a*2)^+(b* l.b*2)^+(Ll-L2)'}^ 

The color difference was evaluated at three points having a reflection density of 1.0, 
1.3 and 1.6. The light fastness was rated "A" when the color difference was less than 5 at 
all density points, rated "B" when the color difference was less than 5 at two density points, 
rated "C" when the color difference was less than 5 at one density point, and rated "D" when 
the color density was 5 or more at all density points. 

[0105] 
<EIeatFastness> 

The sample was stored for 6 days under the condition of 80'C and the color 
difference between before and after the storage was evaluated in the same manner as in the 
evaluation of light &stness. The dye residual percentage was evaluated at three points 
having a reflection density of 1.0, 1.3 and 1.6. The heat fastness was rated "A" when the 
color difference was less than 3 at all density points, rated "B" when the color difference was 
less than 3 at two density points, rated "C" when the color difference was less than 3 at one 
density point, and rated "D" when the color difference was 3 or more at all density points. 
<Ozone Resistance> 

The sample was stored in a box set to an 02X>ne gas concentration of 0.5 ppm for 7 
days and the color difference between before and after the storage was evahiated in the same 
manner as in the evaluation of light fastness. The dye residual percentage was evaluated at 
three points having a reflection density of 1.0, 1.3 and 1.6. The ozone resistance was rated 
"A" when the color difference was less than 10 at all density points, rated "B" when the color 
difference was less than 10 at two density points, rated "C" when the color difference was 
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less than 10 at one density point, and rated "D" yfAen the color difference was 10 or more at 
all density points. The ozone gas concentration in the box was set using an ozone gas 
monitor (Model OZ&EM<01) manufactured by APPLICS. 



[0106] 
[Table 3] 



Ink Set 


Light Fastness 


Heat Fastness 


Ozone Resistance 


101 


D 


D 


D 


102 


C 


C 


C 


103 


C 


B 


C 


1(J4 


B 


B 


C 


105 


B 


B 


B 


106 


A 


A 


A 


107 


A 


A 


A 


108 


A 


A 


A 


109 


A 


A 


A 


110 


A 


A 


A 


111 


A 


A 


A 


112 


A 


A 


A 


113 


A 


A 


A 


114 


A 


A 


A 



[0107] 



It is seen from the results shown in Table 3 that when the ink con^osition of the 
present invention is used, excellent performance is obtained particularly in the fastness. 

The same effect as above is obtained even when the image-receiving paper used in 
the present invention is chained to Inkjet Paper GASAI Photo Finish produced by Fuji Photo 
Film Co., Ltd. or PRIOI produced by Canon Inc. 

[0108] 
[Example 2] 

The same ink as produced in Example 1 was filled in an inlget printer BJ-F850 
(manufactured by Canon Inc.) and an image was printed on Inkjet Paper GASAI Photo Finish 
produced by Fuji Photo Film Co., Ltd. in the same printer and evaluated in the same manner 
as in Example 1, as a result, similar results to those in Example 1 were obtained. Also, the 
same effect as above was obtained even when the image-receiving paper was changed to PM 
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photographic paper produced by Seiko Epson Corporation orPRlOl produced by Canon Inc. 

[0109] 
[Example 3] 

(Preparation of Black Ink) 

Bonjet Black CW-1 (produced by Orient Chemical Industries, Ltd.) was dUuted with 
water to a pigment concentration of 10 niass% and then centrifuged (7,000 ipm, 30 minutes) 
to obtain a pigment dispersion solution (pigment concentration: 8.3 mass%). 

[0110] 

Pigment dispersion prepared above 50 mass% 

Diethylene glycol 15mass% 

U^®* 5mass% 
C4H,(C%a%0)2H 2mass% 

Surfectant (OLEFIN ElOlO, produced by Nisshin 1 mass% 

Kagaku) 

27massyo 

[0111] 

While thoroughly mixing these components, IN of an aqueous sodium hydroxide 
solution was added dropwise until the pH reached 7.5. The resultmg solution was fikered 
under pressure through a 1-^m filter to obtain Black Ink A comprising a self-dispcreible 
pigment. 

Ink Set 114 was prepared in the same manner as Ink Set 106 of Example 1 except 
for changing the black mk of Ink Set 106 to Black Ink A prepared above using a self- 
dispersible pigment. Then, printing and evaluation were performed in the same manner as 
in Example 1. The results are shown in Table 3. It is seen that even a pigment is used as 
the black dye, the color balance is firee from serious disruption due to discoloration by light 
or ozone. 

[0112] 
[Example 4] 

Ink Set 201 was prepared by changing the light magenta, magenta, light cyan, cyan 
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and yellow inks in Wc Set 101 of Example 1 to oil-soluble dye inks prepared as follows. 

Dye (M-26) (8 g) and 60 g of a sur&ctant (Emal 20C. trade name, produced by Kao 
Corporation) were dissolved in 6 g of High Boiling Point Organic Solvent (S-lX 10 g of IBgh 
Boiling Point Organic Solvent (S.2X 1.0 g of Additive (A-1) and 50 ml of ethyl acetate at 
70«C. To the resulting solution, 500 ml of deionized water was added while stirring with a 
magnetic stirrer to produce an oil-in-water coarse particle dispersion. 

This coarse particle dispersion was passed 5 times through Microfluidizer 
(manufactured by Microfluidex Inc.) under a pressure of 60 MPa to form the coarse particles 
into fine particles. The resulting emulsified product was then treated m a rotary evaporator 
to remove the solvent until the odor of ethyl acetate was not generated. 

To the thus-obtained finely emulsified product of hydrophobic dye, 140 g of 
diethylene glycol, 64 g of glycerin and additives such as urea were added. Then, ddonized 
water was added to make a total amount of 1 liter and the pH was adjusted to 9 with 10 
mol/liter of KOH to prepare a light magenta ink having a concentration shown in Table 4. 
The volume average particle si^e of the obtained emulsification dispersion ink was measured 
by Microtrac UPA (manufactured by Nikkiso) and found to be 40 nm. 

Furthermore a magenta ink, a light cyan inl^ a cyan ink and a yellow ink of Ink Set 
201 shown in Table 4 were prepared by changing the kind and amount of the dye used, the 
amount of the high boiling point organic solvent used and the kind and amount of each 
additive used. Here, in Table 4, a composition of the final composition product after the 
eva|)oration of solvent is shown. 

The black ink used was Bonjet Black CW-1 (produced by Orient Chemical 
Industries, Ltd.) described in Example 3, which is a self-dispersible pigment. 

[0113] 
[Table 4] 





Light 
Magenta 


Magenta 


Light 
Cyan 


Cyan 


Yellow 


Dye (g/liter) 


M-26 
5.00 


M-26 
20.0 


C-26 
11.2 


C-26 
44.6 


Y-42 
27.2 


High boiling point organic 


S-1 3.75 


14.52 


8.1 


32.4 


20.0 
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solvent (gfliter) 


S-2 6.25 


25.52 


14.3 


57.1 


34.5 


Additive A-1 (g/liter) 


0.625 


2.5 


1.2 


4.8 


3.2 


Emal 20c (g/liter) 


38.0 


120 


46.5 


186.0 


150 


Diethylene glycol (g/liter) 


87.5 


87.5 


87.5 


87.5 


87.5 


Glycerin (g/liter) 


40 


40 


40 


40 


40 


SURFYNOL465(g/Utcr) 


10.0 


10.0 


10.0 


10.0 


10.0 


Triethanolamine (g/liter) 


7.5 


7.5 


7.5 


7.5 


7.5 


Benzotria2ole (g/liter) 


0.075 


0.075 


0.075 


0.075 


0.075 


Proxel XL2 (g/liter) 


2.5 


2.5 


2,5 


2.5 


2.5 


Deionized water was added to make 1 liter. 




Volume average particle size 


40 nm 45 nm [ 


35 nm 


41nm 1 38 nm 



[0114] 

Solvents S-1 and S-2 and Additive A-1 in Table 4 are shown below. 
[0115] 



(S-1) 



(S-2) 



(A-1) 




C5Hii(t) 



[0116] 

Ink Sets 202 to 212 were produced in the same manner as Sample 201 except for 
changing the dye species in each ink solution as shown in Table 5 below. In changing the 
dye, the dye is basically changed by an equimolar amount of a dye and the dye concentration 
of each ink sohition was adjusted to give the same transmission density as in Ink Set 201. 
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[0117] 



[Table 5] 



liokSet 


Light 


Magenta 


Light Cyan 


Cyan 


YeUow 


Remarks 






.Mr/,0 




C-26 


Y-42 


Invention 






M-Zo 


C-2o 


C-26 


Y-42 


It 






M-2o 


C-27 


026 


Y-42 


M 




Mo I 


M-31 


C-26 


C-26 


Y-42 


II 


20b 


M-41 


M-26 


C-26 


C-26 


Y-42 


11 . 


206 


M-26 


M-9fi 






Y-43 




207 


M-27 


M-27 


c-26 


C-78 


Y-43 


M 


208 


1^-26 


M-26 


C-76 


C-84 


Y-44 


It 


209 


M-59 


M-59 


C-26 


C-26 


Y-45 


II 


210 


T-S 


T-8 


C-26 


C-26 


T-9 


Comparison 


211 


T-IO 


T-10 


C-26 


C-26 


T-9 


ti 


212 


T-8 


T-8 


T-11 


T-11 


T-9 


II 



[0118] 



Dyes T-8 to T-1 1 for comparison m Table 5 are shown below. 
[0119] 

T-8: Compound M-21 of JP-A-2002-121440 
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T-10: Dye 25 of JP-A-2001-40235 




I 

CH3 



(0120] 

Ink Sets 201 to 209 each was filled in a cartridge of an inkjet printer PM770C 
(manufactured by Seiko Epson Corporation) and an image was printed on Inkjet Paper 
GASAI Photo Finish produced by Fuji Photo Film Co., Ltd. using the same printer. The 
following evaluations were performed. Sample 101 of Example 1 was also evaluated under 
the same conditions. 
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<Water Resistance> 

The obtained image was dipped in deionized water for 60 seconds and then the 
blurring of image was evaluated with an eye. 

The water resistance was rated "A" when the blurring of image was not observed at 
all, rated "B" when the blurring was slightly observed, and rated "C when the blurring was 
not in an allowable level. 

[0121] 

As for the fastness of image, a gray printed sample was produced and evaluated as 

follows. 

<Light Fastness (tight Resistance)> 

The chromaticity (a*I, b*l) and lightness (LI) immediately after the printing were 
measured using SPMIOO-H manufactured by Gretag Coip. Also, after irradiation for 14 
days with xenon light (85,000 hix) using a weather meter manufectured by Atlas Co., the 
chromaticity (a*2, b*2) and Ughtness (L2) were again measured. The color difference (^) 
between before and after- the light irradiation was obtained according to the following 
formula and evaluated. 

AE={(a* l.a*2)2+(b* I-b*2)^+(Ll-L2)2} ^'^ 

The color difference was evaluated at three points having a reflection density of 1.0, 
1.3 and 1.6. The Ught &smess was rated "A" when the color difference was less than 5 at 
all density points, rated "B" when the color difference was less than S at two density points, 
rated "C" when the color difference was less than 5 at one density point, and rated "D" when 
the color density was 5 or more at all density points. 

[0122] 

<Heat Fastness (Heat Resistance)> 

The sample was stored for 6 days under the condition of 85*C and the color 
difference between before and after the storage was evaluated in the same manner as in the 
evaluation of light festness. The dye residual percentage was evaluated at three points 
having a reflection density of 1.0, 1.3 and 1.6. The heat festness was rated "A" when the 
color difference was less than 3 at all density points, rated "B" when the color difference was 
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less than 3 at two density points, rated "C" when the color difference was less than 3 at one 
density point, and rated "D" when the color difference was 3 or more at aU density points. 
<Ozone Resistance> 

The sample was stored in a box set to an ozone gas concentration of 1.00 ppm for 7 
days and the color difference between before and after the storage was evaluated in the same 
manner as in the evaluation of light fastness. The dye residual percentage was evaluated at 
three points having a reflection density of 1.0. 1.3 and 1.6. TTie ozone resistance was rated 
"A" when the color difference was less than 10 at all density points, rated "B" when the color 
difference was less than 10 at two density points, rated "C" when the color difference was 
less than 10 at one density point, and rated "D" when the color difference was 10 or more at 
all density points. The ozone gas concentration in the box was set using an ozone gas 
monitor (Model OZG-EM-01) manufactured by APPLICS. 

[0123] 
[Table 6] 



Ink Set 


Water 
Resistance 


Light Fastness 


Heat Fastness 


Ozone 
Resistance 


201 


A 


A 


A 


A 


202 


A 
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204 
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203 
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205 
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207 


A 
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208 
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209 
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210 
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211 


-A 


B 


B 


D 


212 


A 


C 


C 


D 


101 


B 


D 


D 


D 



[0124] 



It is seen from the results shown in Table 6 that when the ink composition of the 
present invention is used as the oil-soluble dye dispersion., excellent performance is attained 
particularly in the fastness. Also, exceUent perfonnance is attained in the water resistance 
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which is a problem for a water-soluble ink. 

Incidentally, the same effect as above is obtained even when the image-receiving 
paper used in the present invention is' changed to PM photographic paper produced by Seiko 
Epson Corporation or PRIOI produced by Canon Inc. 

[0125] 
[Example S] 

The same ink as produced in Example 4 was filled in an inkjet printer BJ-FSSO 
(manufactured by Canon Inc.) and an image was printed on Inkjet Paper GASAI Photo Finish 
produced by Fuji Photo Film Co., Ltd. in the same primer and evaluated in the same mamier 
as in Example, as a result, similar results to those in Example 3 were obtained. Also, the 
same effea as above was obtained even when the image-receiving paper was changed to PM 
photographic paper produced by Seiko Epson Coiporation or PRlOl produced by Canon Inc. 
[0126] 

[Effects of the Invention] 

According to the present invention, an azo dye havmg a specific structure capable of 
drastically solving the ozone discoloration is used as a dye constituting an ink, whereby an 
inkjet recording ink capable of giving a color image having excellent fastness to ozone gas is 
provided and an ink set for inkjet recording and an inlget recording method, which can form 
an image having exceUent color reproducibility and high light festness. are provided. 
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[NAME OF IHE DOCUMENT] Abstract 
[SUMMARY] 

[PROBLEM TO BE SOLVED] 

To provide an inkjet recording ink capable of giving a color image having excellent 
fastness to ozone gas and provide an ink set for inkjet recording and an inkjet recording 
method, which can form an image having excellent color reprodudbUity and high Kght 
fastness. 

[MEANS TO SOLVE THE PROBLEM] 

An inkjet recording ink containing an azo dye having a specific structure; an ink set 
for inkjet recording, comprising a yeUow ink; a magenta ink and a cyan ink as minimum 
constituent dements, wherem the above-described azo dye is used in these inks; and an inkjet 
recording method using the inkjet recording ink or the ink set for mkjet recording. 
[SELECTED DRAWING] None. 
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